Quantitative Sudomotor Axon Reflex Test
in Normal and Neuropathic Subjects
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We have quantified postganglionic sweat output in human subjects resulting from axon reflex stimulation using
acetylcholine electrophoresis. Dehumidified nitrogen of controlled temperature and flow rate was passed through an
acrylic plastic chamber placed over a defined area of skin. Sweat droplets were evaporated; humidity change was sensed
by a narrow-range humidity sensor housed in a temperature-controlled compartment and was plotted on a chart
recorder. The time integral (area under the curve) was continuously integrated and converted to absolute units using a
derived equation. Because stimulation and recording were simultaneous, an accurate determination of the latency of
the sweat response was also possible.

Quantitative sudomotor axon reflex tests were performed on the left forearm and foot of 33 female and 29 male
normal subjects aged 11 to 69 years. Acetylcholine, 1057, was electrophoresed for 5 mA-minutes in the forearm and 10
mA-minutes in the foot, and recording was continued for an additional 5 minutes. The mean sweat output in males was
2.7 and 3.0 times that in females in forearm and foot, respectively (p < 0.0001). Studies in selected autonomic
neuropathies confirm that quantitative sudomotor axon reflex tests will detect postganglionic sudomotor abnormalities

sensitively and reproducibly.
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The sympathetic postganglionic neuron may be in-
volved in the dysautonomias [22, 36} or as part of a
generalized peripheral neuropathy {231, A useful index
of sympathetic innervation is the integrity of exocrine
sweat gland function, because this gland 15 innervared
by sympathenc cholinergic fibers whose function is
abolished by symparhectomy [19]. Modern techniques
for quannrating postganglionic sudomotor  function
have not been developed as rapidly as simitar measure-
ments of motor and sensory funcrion, however {31
Recenrt suggesticns that abnormalities of small myelin-
ated and unmyelinated axons are more easily reversed
than are abnormalities of large myelinated fibers in
treated patients with diabenic neuropathy [15, 16]
highlight the need for improved quantitation of post-
ganglionic autonomic function to permit early detec-
tion ¢f dyvsautonomia and to monitor more accurarely
the course of autonomic neuropathies and their re-
sponse to treatment. We have recently developed
methodology o record sweat outpur in human subjects
accurately, reproducibly, and dynamically with simul-
tancous axon reflex stimulavon using a quantified
stimulus.

Methods

Subjecty

The quantitative sudomoror axon reflex test (Q-SART) was
studied using 62 healthy volunzeers with no neurological ill-

ness or dermarological discase. Their ages ranged from 11 o
69 years. There were 29 males and 33 females; the age differ-
ence between the sexes was not significant (mean ages: males,
38.0 * 17.8 (standard deviation]; femnales, 37.6 = 18.0% In
addirion to reviewing the coded diagnosis to exclude subjects
wirh diseases known o affect autonomic function, we ad-
ministered o all healthy subjects a detailed questionnaire
concerning medications, injuries, disease, and levels of al-
cohol intake thar might impair autonemic function.

The paticne group consisted of 20 parients with peripheral
neuropathies and 4 patients who had undergone surgical sym-
pathectomies for extremity pain. All patients were examined
by at icast one of the neurologists, Eleczromyography and
nerve conduction studies were performed on 19 of the 21
patients with neuropathy. Thermoregulatory sweat tests
(TST) were performed on 12 of 24 padenss. Sural nerve
biopsy was done on 7 of the 21 neuropathic patients.

Patient dara are summanized in Table 1, These patienrs fell
meo three categories. Category A included patients 1 to 11,
who had peripheral neuropathies thought to be associated
with acrive axonal degeneration. Patients were assigned o
category A o they fulhlled at least two of the following crite-
ria; (1) prominent positive symptoms “(burning pain and
paresthesias), (2) nerve biopsy evidence of prominent axonal
degenerauon, and (3) eleciromyographic evidence of promi-
nent fibrillation potendals in the lower extremities. Category
B included patients 16 to 24, who by the criteria just listed
were not thought 10 have active axonal degeneration. Care-
gory C included patients 12 to 13, who had had surgical
sympathectomies.
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Table 1. Patient Data

Patient No.,
Sex, Age Diagnosis

Dysauro-
nomia

Thermoregulatory
Hypohidrosis

Peripheral®

Regional®

Q-SART

Forearm

Foot

Latency Volume

(min)

(pl/em?)

Abnormal Larency Volume

Resulr

(min)

{(wlem?)

Abnorma!
Result

1, M, 44 Diabetic neuropathy;
mild distal
SeNSQrimotor
involvement

2, M, 56 Diabetic neuropathy;
painful auronomic
neurcpathy

3, F 34 Idiopathic painful
autonomic
neuropathy

4, F 11 Idiopathic painful
relapsing neuropathy

5. M, 62 Manoclonal
gammopathy with
neuropathy

6, F, 56 Idiopathic painful
neurcpathy

7. F, 41 Idiopathic asymmetrical
painful neuropathy

8, F, 38 [diopathic asymmerrical
pairful neuroparhy

9, F, 46 Monoclonal
gammopathy with
asymmetrical painful
neuropathy

10, F, 65 Amyloid neuropachy;
small fiber > large
fiber involvement

1, M, 66 Amyloid neuropathy;
associated poly-
cythemia rubra vera

12, M, 75 Right lumbar
sympathectomy 5 wk
previously

13, M, 73 Right lumbar
sympathectomy 2 yr
previously

14, F, 16 Left lumbar
sympathectomy 3 yr
previously

1%, M, 53 Right thoracic
sympathectomy 10
mo previously

16, F, 13 Guillain-Barré
syndrome

17. M, 40 Chronic inflammarory
demyelinaung
neuropathy

18, M, 49  Chronic inflammatory
demyelinating
neuropathy

19, M, 24 Chronic inflammarory
demyelinating
neurapathy (?
inhericed)

20, M, 43 Chronic inflammarory
demyelinating
neuropathy

21, M, 32 Chronic inflammarcory
demyelinating
neurcpathy

I+

+

-~ tmild)

~ tright
foon

ND

ND

ND

ND

ND

ND

ND

ND

ND
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0.8

0.9

6.0

ND

ND

2.2

6.5

4.2

2.2

0.04

1.49

4.19

ND

ND

1.33

2.02

4

I+

I+

ND

ND

I+

2.4

1.9

0.8

3.9

26

ND

2.1

31

1.3

0.23

091

3.24

6.89

+

ND



Table 1. (Continued)

Thermoregulatory
Hypohidrosis

Q-SART

Forearm Foot

Patient No., Dysauro- Latency Volume Abnormal Latency Volume Abnormal
Sex, Age Diagnasis nomia Peripheral® Regional" (min)  (wliem?) Result (min)  {uliem?y Resule
22, F, 64 Subacute combined = ND 0.6 3.6 = 1.0 0,84 -
degenerarion
23, F, 62 Monoclonal - ND ND ND ND 1.3 1.15 -
gammopatchy with
neuropathy
24, F, 25 Familial dysautonomia  + - - 1.1 4,26 - 0.7 4.83 -
Control subjects
t3¢th to 95th percentle)
Male 1.0-24 104-399 1.0-3.3 1.01-5.73
Female 1.0-2.4 0.14-2.10 1.3-4.1 0.11=-3.11
*Sock and glove pattern of hypohidrosis.
>Anatomical regions and usually extensive hypohidrosis.
(Q-5ART = quantitative sudomotor axon reflex test; M = male, F = female; + = present; — = absent; = = equivocal, rransient, or mild; ND
= not done; N = normal study but no accurate values.
5 ] remperature Procedures
" controller The sudorometer used is diagramed in Figure 1. Dry nitro-
Ow Sy
meter o orature gen gas {2 to 3% absolute humidity) was passed through a
high presaure controlied block flow regularor (Fisher Sciennfic, Minneapolis, MN) and pre-
regulator & humidity sensor . . . .
Q0 ) cision flow meter (Lab Crest Scientific, Warminster, PA) at a

==y

low pressurs humidity ntegraling
ragulator sweat meter chart recorder
capsule

nlrogen constant current
cylinger genarator

Fig 1. Mays sudsrometer and constant-curvent generator. See text
for detasls.

4 D3

Fig 2. Sweat cell (A = recording compartment; B = air gap, C
= acetylcholine well; D = gas inlet and outlet; B = cannulae
Jor flling acetylcholine well; F = anode with extension into
acetylchaline well, G = attachment posis for straps.)

controlled flow rate {usually 85 cc per minute) into a temper-
ature-controlled stainless steel block housing a narrow-range
humidity sensor (Hygrodynamics; American Instrument Co,
Silver Spring, MD). The temperature of the block was ser at
100°F and conwrolled by feedback (Yellow Springs Instru-
ment, Model "4, Yellow Springs, OH). The heated nitrogen
of known flow rate and humidity, by passing through a sweat
cell attached to the skin by an elastic serap, caused rotal evap-
oration of sweat produced in the defined area of skin under
study. This nitrogen stream of altered humidity returned to
the stainless steel block, where relative humidity change
(ARH) was measured with an accuracy of greater than 0.16%
{relative humidity meter, Hygrodynamics). The ARH was
plotted on a strip chart recorder (Linear, Model 282, Irvine,
CA) with simultaneous integration of the area under the
curve.

The sweat cell (Fig 2) consisted of a central recording com-
partment (A 1 cm in diameter surrounded by an air gap (B)
1.5 mm wide separating the recording compartment from a
semicircular well (C) 1.5 mm wide that was filled with 1057
acetylcholine (ACh) before application of a constant current.
Nitrogen was passed through a gas inlec and outlet (D). The
well was hiled from above via a cannula (E), and any residual
air was forced out a second cannula. ACh was electrophor-
esed using a constant-current generator designed and con-
structed at the Mayo Section of Engineering. The circuit will
pass up to 6 mA and has a digizal display. The anodal current
was passed by means of extensions (F) into the ACh well,
The cathode was a 4 X 6 cm rectangular strip of lead
wrapped in flannel and soaked in 15¢ mM sodium chloride.
A stimulus of 1 mA routinely was used. ACh 105 wt'wt
{Fisher Sciennfic) was made twice weekly and stored in a
refrigerator at approximately 1°C. Attachment posts (G}
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were available on the swear cell to facilitare artachment of the
cell 10 the zest site.

All recordings were done in the Autonomic Reflex Labo-
ratory with the subject supine. Room temperature was main-
tained ar 80°F and relative humidity a approximately 5067,
Recordings were made at two sites; (1) the left forearm, 257
of the distance from the pisiform bone to the ulnar epicon-
dyle and immediately medial to the palmaris longus tendon,
and (2} over the left extensor digitorum brevis muscle. The
area was cleaned wich soap and water and shaved if necessary.
A surface thermistor probe (Bar 8 digital thermometer,
Bailey Inscruments, Saddlebrook, NJ) was attached adjacent
to the sweat chamber. The axon reflex sweat response is
oprimal near the thermal threshald for swear acuvity [9] of
about 34.5°C {35]. We warmed the upper extremity to 32°C
and the lower extremity 1o 31°C so as 10 maintain skin rem-
peratures that were consistent but below the thermal
threshold. The stimulus for the forearm was 1 mA for 5
minutes, and the recording was then continued for an addi-
tional 5 minutes. The stimulus for the foot was | mA for 10
minutes, and the recording was continued for an additional S
minutes after cessation of the stimulus.

The absolute sweat outpur was calibrated by injecting
known volumes of water onto a small square of filter paper
contained within the sudorometer. In a typical calibration
0.5, 1, 2,5, and 10 ul volumes of water are injecred sequen-
tally and the area of the ARH time curve is regressed against
the test volumes. The data are well fitted by a linear regres-
sion with cypical correlations of r > 0.9. We have found this
direct calibration more reliable than suggested equations {13,
14].

Data were stored in a computer {HP9845T; Hewlerr Pack-
ard Data Manipulation and Staristical Analysis Program) and
graphically displayed, and group values were rested for nor-
mality (skewness, kurtosis, and chi-square goodness of fir).
Normally distributed data were compared using a one-railed
Student r test. Nongaussian distribured data were analyzed
using the Mann-Whitney test. Regression analysis was done
using lease squares fit (Hewlewr Packard General Staristics
Program). For evaluation of test reproducibility on different
days, the same test was repeated on 10 subjects on another
day. The values of each member of a pair were regressed
against the other member and least squares fir obrained.

Results

Control Subjects

We initially determined whether the response was
caused by ACh and whether it was the result of an axon
reflex. We did not encounter leakage of fluid between
the stimulating and recording compartments. When
isotonic saline was used instead of ACh and the stan-
dard stimulus was applied ro the forearm, a sweat re-
sponse was not evoked (Fig 3, “current + saline™.
When a current was passed in the presence of ACh, a
normal response was evoked (Fig 3, “current + acetyl-
choline”). In 2 subjects 2% xylocaine was infiltrated
circumferentdally berween the ACh well and the re-
cording compartment. Electrophoresis of ACh failed to
evoke a sweat response (Fig 3, “xylocaine infilcration”).
In the same subjects a similar infiltrarion with isotonic

20— l
current + saline
ol t
90 —
50 [—

\current + acetyicholine

al \
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o
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5 l
> | -
o 0
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S
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w — "J \\
; -
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30 b / II/
l ]
-/
oL E—
.

5 min.
Fig 3. In the first trace (current + saline), acery/chadine b
been omitted and a sweat vesponie has not been obtarned. The sec-
ond rrace {current + acetylcholing) show s a typical respanie. In
the third trace (xvlocaine infiltracion), focal anesthersc
infiltration of skin separating the itimului well and the record-
ing chamber has completely blocked the response. In the fourth
trace (saline inhleradion), infiltration 1with an tdentical rofyme
of isotonc saline of the same area of skin bas not blocked the
Sweat resporie. Arvows indicate onset (| ) and cessation (1) of
electraphoreiis.

saline (Fig 3, “saline infiltration”) did not block the
sweat response, suggesung that the block by local anes-
thetic was a result of its known physiologicai effects on
lonic channel block of the axon rather than any
mechanical effect.

We examined the reproducibility of the sweart re-
sponse obtained on the skin arca (marked with an in-
delible pen) in 3 subjects with minimal, small, znd
moderate responses, respectively, when the study was
repeated on different days. The Q-SART was done on
3, 4, and 7 separate occasions, respectively, and ap-
peared v be quite reproducible (Fig 4A). In 10 sub-
jects (5 men, 5 women, aged 17 to 3 years), the sweart
output was measured on two occasions on the same
recording site (left forearm) on different days 1o evalu-
ate day-to-day variabilicy. When the values of the firse
recording were regressed againse the second, a highly
significant regression was obtained (r = 095, p <
0.001) (Fig 4B).

The normal response (see Fig 3) consisted of an
abrupt increase in humidity thar usually appeared 1 to 2
minuies after the commencement of the stimulus and
persisted for several minutes. There was an associaced
flare response (reflex vasodilatation). Representative
normal and abnormal responses are shown in Figure 5.
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Frz 4. (A) Day-to-day variation in recordings of sweat nutput
from subjects with moderate (#3), small (#2), and minimal

i # 1) saceat volume. (B) Sweat output (in arbitrary unitsi on oc-
caiton one regressed against the output on a different day for 10
wwhrects. Y = 136X - 2878 1 = 0.95.

Median latency and volume for sweat output from
the forearm were 1.7 minutes and 0.97 pl/em?, respec-
uvely, in females for the 10 minuces of recording. Fifth
i 95th percentile values were 1.0 to 2.4 minutes and
0.14 w 2.10 plem? for latency and volume, respec-
uvely, Corresponding values for males were 1.8 min-
ates and 2.6 plem? and 1.0 to 2.4 minutes and 1.04
o 3.99 wlcm?, respectively. The latency was not
significantly different (p = 0.17) berween the sexes.
The median sweat volume in males of 2.7 times that in
temales represented a significant  difference {(p <
0001

For the 15 minutes of recording, median latency and
volume for sweat ourput from the foot in females were
2.5 minutes and 1.18 pliem?, respectively. Fifch to 95th
percentle values were 1.3 o 4.1 minutes and 0.11 ©

Frg 5. Representative recordings from a normal control female
suhpect (top panel) and 2 patients. The middle panel shows an
whient response in the foot and an nnnswally large response with
reduced latency in the forearm of @ patrens with nenropathy (Pa-
rient 1). The bottom panel (Patient 2) shows essentially absent
reiponses in forearm and foot. Arrotes indicate oniet { | ) and ces-
wation (1) of electrophorests.

L Forsarm L Foot
o —
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. oot i }
oL . —
00 — —
. t
c
S5 e
[l Potient 1
2 |
2
<
Lo S
B l Potient 2
— Jv[' e
oL — i
| |
5 min.

3.11 wlem? for latency and volume, respectively. Cor-
responding values for males were 2.3 minutes and 3.6
whem? and 1.0 to 3.3 minutes and 1.01 to 5.73 p¥em”,
respecuvely. The median sweat output in males was 3
times that in females, and the difference berween
groups was statistically significant (p < 0.0001). The
larency was not significantly different between the
SEXES.

There was no statistically significant reduction in
sweat volume with age for either sex (Table 2} In
males there was a significant decrease in latency with
age in both forearm and foot. The slope for females did
not reach statistical significance.

Patients with Peripheral Nevve Abnormalities

Ten of the 12 patents (83%) in category A had abnor-
mal Q-SART responses (9 with reduced cor absent
sweat volume; | with the lesser abnormality of a shore
ened latency). In the forearm, 6 of 11 padents (5557
showed abnormalities (3 had reduced sweat volumes
and 3 had a change in latency). These findings support
the clinical observation of usually earlier and more se-
vere lower than upper extremity involvernent in
neuropathies. In contrast, patients in category 13 had
completely normal responses in the foot (2 of 9) and
only 1 patient of 7 had a mild abnormaliry {reduced
tateacy) in the forearm. All 3 patients with Jumbar
symparhectomies had absent swear responses in the
appropriate foor. The patient who had a thoracic sym-
pathectomy had a normal postganghonic sweat volume
bur reduced latency. His surgery was thought o be
preganglionic and the sympathectomy parual.

| Twelve of the 24 padents also had a TST, with arcas
of hypohidrosis or anhidrosis delincated with alizarin
red indicator [24}. Of these 12 patents, 8 were in
category A and 8 of 8 had both abnormal TST patterns
and an abnormal Q-SART (7 of 8 had reduced or ab-
sent sweat volume; 1 of 8 had altered latency) in the
foot. A smaller proportos, 3 of 8 (38%), had abnor-
malities affecting the forearm {1 of 8 had absent swear
volume; 2 of 8 had altered latency). TST's were done on

_

e —
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Table 2. Effect of Age on Latency and Volume Measures
in Quantitative Sudomotor Axon Reflex Test
in Female and Male Contral Subjects

Regression
Sex of Coefhcient
Measure Subjects  Intercept (b} r

Latency F 1.80 min ~0.003 0.1
(forearm) M 2.69 min -0.020* 0.4
Volums F 1.21 wlem® —0.004 0.1
(forearm) M 2.14 plicm? 0.008 0.1
Latency F 2.90 min ~{.006 0.1
{foor) M 3.27 min —-0.024" 0.6
Volume F 2.33 pllem?  -0.022 0.3
(foon) M 4.54 pliem®  -0,196 0.2

Statistical significance: *p < 0.025: %p < 0.005.
F = female; M = male.

2 patients in category B. Both TST and Q-SART were
normal in these subjects. A TST was done on the pa-
tient with a thoracic sympathectomy and showed a hy-
pohidrotic right upper extremity. The sweat volume
was normal, but the latency was shorened; the sweat
output in response to intradermal injection of 0.1 cc
10% ACh was almost identical w0 the Q-SART re-
sponse. The Q-SART response was thought to be com-
patible with a preganglionic lesion. Both the TST and
Q-SART studies indicated anhidrosis in the relevant
limb in the 3 patents with lumbar sympathectomies.

Discussion

When a focal area of skin is stimulated electricaily [2,
3471 (faradic sweat response) or with a parasympatho-
mimetic agent [5—8, 17, 18] ¢such as ACh), there is a
brief latent period followed by an outbreak of sweating
occupying an area 3 to 5 cm in diameter surrounding
the point of stimulation [5-8, 17—19, 22]. This is the
axon reflex swear response. When the stimulus is ACh,
this response, often designated the aicotinic response,
can be differentiated from the muscarinic response
{18], which 1s caused by the direct stimulation of sweat
glands [6]. Pressure from a fine rubber band (which has
been shown to block diffusion but not nerve transmis-
ston [323) will limir the muscarinic bur not affect che
nicornic response {321, In contrase, if 2 local anesthetic
such as procaine is infiltrated to one side of the
stumulus, it will block the reflex swear response on the
relevant side but spare the muscarinic response [8, 321,
The reflex is local, because it persists immediately fol-
lowing sympathectomy {8] or proximal nerve rrunk
lesioning {8]; the reflex is also preserved in the freshly
excised toe pad of the cat [8]. The reflex appears to be
mediated entirely by sympathetic postganglionic fibers
and is lost days to weeks following postganglionic sym-
pathectomy [18, 321. The somatic sensory neuron does
not appear to participate in the reflex, because eleceri-
cal sumulation of dorsal root in the cat will nor activate

this reflex, whereas stimulation of ventral spinal root
will cause sweating in its area of supply {6]. Although
the axon reflex swear response provides an excellent
test of postganglionic sympathetic funcrion, many of its
neuroapatomical and physiological characteristics are
assumed rather than demonstrated. There appears to
be an afferent and efferenr limb, the latrer being cho-
linergic and blocked by atropine. Impulses are thought
to travel centripetally along postganglionic axons, ar-
rive at branch points, and then travel centrifugally
down the efferent limb [6, 8]. The pharmacological
characteristics of the afferent limb are less clearly de-
lineated. The receptor has not been defined. It is not
known if it is the nerve terminal, axon, sweat gland, or
some other receptor. It is also not known why tetra-
ethylammonium and related ganglion blockers will
block the afferent limb 6, 17, 18].

The swear response has been recorded by a color
change {1, 20, 29}, a change in skin resistance [281, or a
sweat print (imprinted on a soft medium [11, 25].
More accurate quantitation of sweat volume has been
made by sudorometry based on recording the humidity
change of an airstream of defined flow using sensitive
humidity sensors [4, 13, 14, 27]. These recordings
were performed at room temperature, and the temper-
ature of the inflowing stream was not controlled [4, 14,
27]. 1n the Mayo sudorometer dehumidified nitrogen
of controlled temperature and flow rate was used, and
the studies were done under standard conditions of
room temperature and humidity. Limb temperature
was also controlled. A further improvement is che di-
rect calibration of the time integral of the recorded
ourput against known volumes of calibrating soletion.
The most important innovation is the simultaneous re-
cording and axon reflex stimulation using ACh elec-
trophoresis, providing a dynamic recording of the
sweart response with the indices of latency, volume, and
amplitude. Through axon reflex stimulation we avoid
potential problems inherent in direct swear gland
sumulation [20]: false positive responses resulting
trom skin hydration (by the electrophoresed test solu-
tion) or direct chemical stimulation of sweat glands,
which may be transiently supersensitive foliowing de-
nervation [6, 21].

The dimensions and geometry of the sweat cell were
designed (o optimize the recording of axon reflex sweat
response. The 1 cm diameter of the recording compart-
ment ts much smaller than the typical diameter of ap-
proximately 5 ¢m in axon reflex swear responses [9, 81.
The air gap provides added security against fuid leak.
The recording chamber is surrounded by two circumfe-
rentially arranged ridges 1 mm wide, which, like the
rubber band used in early work {32], permit axon
reflex responses while preventing diffusion of chemi-
cals from the stimulation well w the recording com-
partment.
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The median sweat volume in males was 2.7 and 3.0
rimes that of females in the forearm and foor, respec-
nvely. Such large sex differences in axon reflex swear
response have been reported previously {12, 14, 17,
18, 31} Kahn and Rothman (18] found a slight or
absent response in 909 of the 41 females they studied.
With our sensitive method, we did not record any ab-
sent responses, although minimal responses were often
tound in females. The latency of the Q-SART was not
different in the two sexes, so that the threshold was not
different. Previous workers have not found a statisu-
cally significant difference in threshold between sexes
[%, 261

The correlation berween the TST and the Q-SART
15 good. Patents who have a peripheral pattern of
anhidrosis  (suggesting postganglionic  denervarion)
have reduced or absent Q-SART responses. The
measurable response in many of these patients is im-
portant in that it offers the potential to monitor im-
provement or deterioration in sudomotor inaervation.
The short latency and sometimes exaggerated ourpurt
seen in some partially denervated areas {see Fig 5)1s of
interest. The sweat response is evoked by a smaller
charge (current-ume) and indicates a reduction in
(J-SART threshold. The mechanism of this parcern of
response remains to be explored. Electrophoresed
ACh must (1) traverse sweat gland epithelium and (2)
semulate the axon reflex recepror(s). The nerve im-
pulse must then (3) conduct along axonal pathwayvs and
(1) raverse a neuroglandular junction to (3) stimulate a
second set of exocrine sweat glands ar a distane site.
The ame required for steps 3 through 5 is brief (less
than | second) {10, 30, 33]. Steps | and 2 are much
slower, and the abnormalities are likely to be found
here. With increasing age, males undergo a significant
shortening of latency, a finding nort scen in females.

Presumably demyelinating neuropathies with Jittle
axonal degeneration (on nerve biopsy; absent positve
symproms, lack of ibrllation en electromyogram) have
Jargely normal Q-SART responses. In conrtrast, pa-
tiens with presumably prominent, active axonal degen-
eration have abnormal Q-SART responses. This rela-
uonship needs further substantiatton but suggests that
the test has potentiatl value in predicting the course of a
neuropathy, because those neuropathies with much ax-
onal degeneration recover more slowly and less com-
pletely. Another potential value of this sudorometer is
in apportoning preganglionic and postganglionic in-
volvement in certain neuropathies. We have been able
to do this in a few patients by performing a Q-SART
study and then a TST and recording the swear output
from rhe identical area using the sudorometer. In nor-
mal subjects the sweat volume evoked by TST exceeds
that produced by ACh. When there is involvement of
hoth pregangliontc and postganglionic fibers {as in
some cases of amyloid neuropathy), the TST evoked

sweat volume is much smaller than the Q-SART
volume. The reproducibility of Q-SART responses
within subjects is quite good, so this test also provides a
tool to diagnose autonomic postganglionic involvement
and r0 monitor the course of an autonomic neurepathy
and its response to treatment.
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